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Abstract 
A new type of composite column consisting of y-shape steel sheets and L-shape steel angles with concrete being 
poured into the external surface of steel has recently been developed and used in real construction projects. This 
yLRC (Reinforced Concrete with y-shape steel sheets and L-shape steel angles) composite column aims at alleviating 
the restrictions founded in composite members, being applied in construction practice with more pliability. The yLRC 
composite column is expected to provide good sectional capacity due to the composite action of steel and concrete 
and reduce the construction times considerably because of the elimination of form-work and rebar placing work. 
Experimental tests on the axial behavior of yLRC composite columns were conducted as a basic study on the 
practical use. A total of six test specimens were prepared with testing variable of the width-thickness ratio of the L-
shape steel angle. To investigate the axial behavior, the specimens were tested under concentric axial loading, and the 
peak load and failure mode were analyzed based on the test results. 
Keywords: Composite column, axial behavior, y-shape steel sheet, L-shape steel angle. 
1. INTRODUCTION
Composite columns are constructed using various combinations of steel and concrete in an attempt to 
utilize the beneficial properties of each material. They are typically categorized into three groups: 
concrete filled tubes (CFT), fully encased composite (FEC) columns, and partially encased composite 
(PEC) columns [Fig. 1(a, b and c)]. All these types of composite columns have limitations and 
characteristics that can present construction and erection challenges. For example, the cross-section 
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dimensions for small CFT’s are limited to available standard steel tube shapes, and larger columns should 
be custom made. The fixed beam-to-column connections require additional fabrication for circular tube 
shapes. FEC columns require extensive form-work to support the wet concrete, which can be quite 
complex at the beam-to-column connections. PEC columns have the considerably reduced bending 
strength about the weak axis compared to that about the strong axis, and thus limitations in the application 
to moment-resisting frame. 
A new type of composite column consisting of y-shape steel sheets and L-shape steel angles with 
concrete being poured into the external surface of steel has recently been developed [Fig. 1(d)] and used 
in real construction projects. This yLRC (Reinforced Concrete with y-shape steel sheets and L-shape 
steel angles) composite column aims at alleviating the above restrictions, being applied in construction 
practice with more pliability. The yLRC composite column is expected to provide good sectional capacity 
due to the composite action of steel and concrete and reduce the construction times considerably because 
of the elimination of form-work and rebar placing work. 
Extensive experimental studies have been performed on CFT columns (Gardner and Jacobson 1967, 
Knowles and Park 1970, Braford et al. 2004) and FEC columns (Bridge and Roderick 1978, Johnson and 
May 1978, Ricles and Paboojian 1994). Research has also been carried out on PEC columns with W 
shapes (Hunaiti and Abdel Fattahet 1994, Elnashai and Broderick 1994) and thin-walled built-up sections 
(Tremblay et al. 1998, Chicoine et al. 2002). 
Experimental tests for yLRC composite column were conducted as a basic study on the practical use. 
A total of six test specimens (three small and three full-scaled specimens) were prepared with testing 
variable of the width-thickness ratio of the L-shape steel angle. To investigate the axial compression 
strength and behavior, the specimens were tested under concentric axial loading. Based on the test results, 
the effect of width-thickness ratio of the L-shape steel angle on the compression strength was investigated.  
(a) CFT 
(b) FEC (c) PEC (d) yLRC 
Figure 1: Composite columns. 
2. YLRC COMPOSITE COLUMN 
The external surface of yLRC composite column is manufactured in the factory with y-shape steel 
sheets and L-shape steel angles (Fig.2), into which concrete is poured in the construction field. The L-
shape steel angles in this column correspond to the steel bars in conventional RC columns while the y-
shape steel sheets welded onto the L-shape steel angles function as tie bars by confining concrete and 
preventing the L-shape steel angles to buckle. Each end part of the column is supplemented by steel plates 
in actual construction work for the transverse reinforcement. Fig. 3 shows the hot-rolled and zinc-coated 
steel sheets whose end part is formed as ‘y’ shape in order to increase the stiffness of the sheet, 
overlapping each other, and spot-welded onto L-shape steel angles.  
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Figure 2: yLRC composite column. 
Figure 3: y-shape steel sheets. 
This composite column has the improved compressive strength due to the composite action of steel and 
concrete, while efficiently reducing the times of construction work because of the abridged form-work. 
After some mock-up tests the composite column has been used in real construction projects, and proved 
to have sufficient applicability. 
3. EXPERIMENTAL PROGRAM 
Two-step test program was conducted in this study: the first was tests on three small specimens in 
order to investigate preliminarily the axial compression strength and behavior of the yLRC composite 
column; the second analyzed the results from three full-scaled specimens which can be applied to actual 
structure, and verified the results from the first step. Fig. 4 and 5 show the geometry of the small and full-
scaled specimens, respectively. The section of the small specimens is 200 mm u 200 mm, and that of the 
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full-scaled specimens is 500 mm u 500 mm. The width-thickness ratio (b/t) of the L-shape steel angles 
was set to testing variable in order to analyze the local buckling effect of the L-shape steel angles on the 
compression strength of yLRC composite columns. 
Figure 4: Geometry of small specimens.    Figure 5: Geometry of full-scaled specimens. 
The L-shape steel angles in the small specimens are L-40u40u3 (b/t = 13.2), L-50u50u4 (b/t = 12.5), 
and L-45u45u4 (b/t = 11.2) of SS400 steel with nominal yield stress of 240 MPa. The length of all the 
small specimens is 1000 mm, satisfying the SSRC (1998) requirements for stub column: the column 
height being between three and five times the column depth and less than 20 times the radius-of-gyration 
about the weak axis. The L-shape steel angles in the full-scaled specimens are L-90u90u7 (b/t = 12.9), L-
130u130u12 (b/t = 10.85), and L-100u100u10 (b/t = 10) of SS400 steel. The length of the specimens is 
3000 mm, and exceeds a bit one of the SSRC requirements (500 mm u 5 = 2500 mm). However, each end 
part of the specimens was supplemented by thick steel plates. It may be thought that the stub column 
conditions are satisfied in the event. 
The tests were performed using a universal testing machine with a maximum capacity of 15,000 kN. 
To evenly distribute the axial load along the cross-section, a 40-mm thick steel plate and a pin-zig were 
tightly connected by high-tension bolts at the end of the column. The axial deformation of test specimens 
was measured using linear variable displacement transducers installed at the four corners. Strain gauges 
were located on the first, second, and third quadrant points of the column from the top. At each point, two 
gauges at L-shape steel angles and one gauge at y-shape steel sheet were attached. The axial load was 
applied at a constant rate of 0.01 mm/s under displacement control conditions. In the tests of small 
specimen, the loading was terminated after the axial displacement of specimen had been three times 
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larger than that of at peak load. To prevent any risk due to the rapid increase of the axial displacement 
near failure state in the tests of full-scaled specimen, the loading was stopped after the applied load had 
decreased by 50% of peak load. 
Normal weight concrete of 27 MPa and 21 MPa were selected for small and full-scaled specimens, 
respectively. Averaged compression strength from the 18 concrete cylinders (3 cylinders for each 
specimen) were 31.5 MPa (small specimens) and 23.0 MPa (full-scaled specimens). To evaluate the 
mechanical properties of the structural steel of L-shape steel angles, coupon tests were carried out in 
accordance with the Korean Standard KSB 0801 and 0802. 
4. TEST RESULTS 
Table 1 shows the peak loads (Po) and the corresponding axial displacements at the peak load (uo) of 
each specimen. All of the small and full-scaled specimens represented a very similar failure mode. No 
local buckling was observed in the L-shape steel angles before reaching the ultimate load. Upon reaching 
the peak load, the crushing of concrete occurred with a huge explosive sound, and at the same time, at the 
point in which the concrete crushing was expected to have occurred, local buckling on the angle and 
bulge in the sheet were observed. As the angles and sheets continued to deform, the applied load was 
reduced, and after a considerable amount of deformation, the fracture occurred at the spot-welded 
connection between the y-shape steel sheet and L-shape steel angle. Fig. 6 and 7 show the overall failure 
mode of the specimens, the fracture of the spot-welded connection and the local buckling of the L-shape 
steel angle.
Table 1: Peak loads (Po) and axial displacements at the peak load (uo)
Specimens 
Steel angle Po
(kN) 
uo
(mm) Designation b/t
A-01 L-40u40u3 13.3 1,330 2.35 
A-02 L-50u50u4 12.5 1,506 2.02 
A-03 L-45u45u4 11.2 1,589 2.42 
B-01 L-90u90u7 12.9 6,279 6.99 
B-02 L-130u130u12 10.8 8,347 7.50 
B-03 L-100u100u10 10.0 7,201 7.62 
No sign of local buckling could be seen on these composite columns before reaching the peak load. 
The failure occurred by the crushing of the concrete together with local buckling of the L-shape steel 
angle. This proves, therefore, that the axial compression strength of this composite column is affected by 
not only the area of concrete and steel but also the width-thickness ratio (b/t) of steel angle. The variation 
in peak loads, as shown in Table 1, is the consequence of the simultaneous effects of the section area and 
the width-thickness ratio of L-shape steel angles, and therefore, the effect of the width-thickness ratio 
cannot be directly analyzed from this result. The effect of the width-thickness ratio on axial compression 
strength could be observed through the analysis of effective area of the steel angles. 
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Figure 6: Failure mode of test specimens.       Figure 7: Local fracture shape. 
5. CONCLUSION 
Experimental tests on the axial behavior of yLRC composite columns were conducted as a basic study 
on the practical use. To investigate the axial behavior the specimens were tested under concentric axial 
loading, and the peak load and failure mode were analyzed based on the test results. 
No local buckling was observed in the L-shape steel angles before reaching the ultimate load. Upon 
reaching the peak load, the crushing of concrete occurred, and at the same time local buckling on the 
angle and bulge in the sheet were observed. The failure occurred by the crushing of the concrete together 
with local buckling of the L-shape steel angle. This proves that the axial compression strength of 
composite column is affected by not only the area of concrete and steel but also the width-thickness ratio 
of steel angle. 
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